Background: The burning of moxa floss in moxibustion releases moxa smoke containing a substantial amount of particulate matter (PM 10 ) into the environment, which has generated safety concerns about its potential health impact. Design: Plasmid scission assay was performed using PM 10 collected from moxibustion clinics. Methods: PM 10 was collected in winter 2012 by burning three types of moxa floss samples in moxibustion simulation clinics, and the resulting PM 10 mass concentration was calculated. Oxidative capacity of the PM 10 samples was measured by plasmid scission assay and the percentage of DNA damage at dosage 500 mg ml À1 (D 500 ) was calculated by linear regression analysis. Results: The average PM 10 mass concentration of samples A (3 years and 3:1 ratio), B (3 years and 8:1 ratio) and C (10 years and 3:1 ratio) was
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Background: The burning of moxa floss in moxibustion releases moxa smoke containing a substantial amount of particulate matter (PM 10 ) into the environment, which has generated safety concerns about its potential health impact. Design: Plasmid scission assay was performed using PM 10 collected from moxibustion clinics. Methods: PM 10 was collected in winter 2012 by burning three types of moxa floss samples in moxibustion simulation clinics, and the resulting PM 10 mass concentration was calculated. Oxidative capacity of the PM 10 samples was measured by plasmid scission assay and the percentage of DNA damage at dosage 500 mg ml À1 (D 500 ) was calculated by linear regression analysis. Results: The average PM 10 mass concentration of samples A (3 years and 3:1 ratio), B (3 years and 8:1 ratio) and C (10 years and 3:1 ratio) was 273.33, 172.22 and 168.89 mg/m 3 , respectively. The D 500 oxidative capacity of PM 10 was on average 24.25%, 27.83% and 28.07% for samples A, B and C, respectively. No significant difference was found in the PM 10 -induced oxidative damage by moxa smoke produced from the three types of moxa floss. Conclusions: PM 10 mass concentrations from the three types of moxa floss combustion exceeded internationally recommended levels. Despite so, PM 10 mass concentration of moxa smoke was much lower than biomass and coal combustion and similar to that of gas combustion. The oxidative DNA damage induced by individual PM 10 in moxibustion environment was lower than that reported in other environments, indicating that moxibustionderived PM 10 might not be as injurious to human health as generally assumed.
Background
Moxibustion is a therapeutic procedure using ignited moxa floss to apply heat to certain points or areas of the body surface for treating disease. 1 Moxibustion, along with acupuncture, has formed the basis for many therapeutic modalities in traditional Chinese medicine. Moxa floss is made from dried mugwort leaves and it is conventionally believed that moxa floss produced from aged mugwort leaves into soft and mashed like floss are of a higher quality. In recent years, moxibustion has gained increasing acceptance and is used extensively both in hospitals and homes due to its therapeutic effects and prophylactic capabilities. 2, 3 The safety and effects of moxa smoke has been subjected to much debate. Some studies have reported moxa smoke to contain such beneficial effects as anti-bacterial, anti-inflammatory and anti-aging, [4] [5] [6] whereas others are concerned about its potential adverse health impacts. [7] [8] Long-term and short-term exposure to moxa smoke in practitioners and patients also raises environmental and occupational health concerns, consequently leading to increased interest in the indoor air quality of moxibustion clinics.
The burning of moxa floss during moxibustion releases moxa smoke containing a substantial amount of particulate matter (PM) into the environment. Numerous health studies have indicated a strong association between PM 10 (PM with aerodynamic diameter less than 10 mm) and a wide range of adverse health effects at high concentrations. 9 The mass concentration of PM is often used as an important air quality indicator in many studies. 10 However, oxidative damage, which is a measure of the capacity of PM 10 to oxidize target molecules, has been proposed to be a more health relevant metric of the biological responses to PM 10 exposure than its mass alone as it integrates several biologically relevant properties, including size, surface and chemical composition of PM. 11 An assay that has been used is the plasmid DNA assay, which is an in vitro method to study the oxidative damage of supercoiled DNA induced by free radicals generated from the particles. 12 The principle of the assay is that any free radicals on the particle surface could cause oxidative stress on the supercoiled DNA and produce 'nicks' in the strands that leads to unwinding of the DNA into a relaxed coil or linearization due to complete fragmentation. 13 This change in structure allows separation and quantification on an agarose gel as a result of alteration in DNA electrophoretic mobility. 14 There is a lack of knowledge regarding the PM 10 mass concentration of moxibustion environment and its induced oxidative DNA damage. The aim of this study was to systemically study the mass concentration and oxidative capacity of PM 10 in moxa smoke produced from moxa floss of different storage years and ratios. Data from this study could be used to study the particulate toxicity and contribute to the safety evaluation of moxibustion.
Methods

Study description and sampling sites
Mass concentration and oxidative capacity of PM 10 were measured in samples collected by burning three types of moxa floss of different storage years and ratios, specifically 3 years and 3:1 ratio (sample A), 3 years and 8:1 ratio (sample B) and 10 years and 3:1 ratio (sample C) in the form of moxa sticks obtained from a moxa floss production factory in Nanyang, China. Storage year refers to the number of years the dried mugwort leaves were stored before processing into moxa floss. Ratio refers to the weight of the starting material (dried mugwort leaves) to the weight of the finished product (moxa floss) in kilogram after processing, for example the ratio 3:1 means 3 kg of dried mugwort leaves was processed into 1 kg of moxa floss.
Sampling was carried out in winter 2012 in three different simulation clinics (one sampling site each for the three moxa floss samples). The three simulation clinics were all located in a building of Beijing University of Chinese Medicine. The windows of the clinics were slightly ajar throughout the sampling. The floor area and volume of each clinic were approximately 36 m 2 and 108 m 3 . The university was erected in 1956 and is located in a densely populated residential area on a side road about 10 m away from a busy road. No specific industrial sources for emissions are known of in this area. During the samplings, information on temperature, relative humidity and wind speed was recorded. Continuous measurements were made throughout the study period. A total of 15 PM 10 samples were collected, 5 samples each for the three types of moxa floss.
Sampling procedure
The sampling was conducted 3 h day À1 and the sampling devices were located at a height of 1.5 m. One moxa stick was continuously burned throughout each sampling period. PM 10 air samples were collected using Negretti selective heads with a flow-controlled pump with a constant flow of 30 l min À1 . The filters (47 mm diameter, 0.67 mm pore size, Millipore, UK) were conditioned for at least 24 h before weighing according to the Chinese national standard GB/T 15 432-1995 using a microbalance type AX26DR/M (Mettler Toledo) at room temperature of 208C and humidity of 50%. Filters were weighed four times and the mean result was used in further analyses. Loaded filters were similarly conditioned and weighed for gravimetric determination of PM 10 mass concentration.
Plasmid scission assay
The procedure for the plasmid scission assay was carried out in accordance with the methods described in Greenwell et al. and Shao et al. 14, 15 Control samples were incubated in water. All incubations were carried out to a final volume of 43 ml, each containing 2 ml fX174-RF DNA (Promega, London, UK). Incubations were gently agitated for 6 h at room temperature to ensure maximum mixing of the sample and to avoid sedimentation. Bromophenol blue/glycerol loading dye (7 ml) was added to each sample before loading. The gels, composed of 0.6% agarose and 0.25% ethidium bromide, were run in a 30 V electrophoretic voltage for 16 h at room temperature in 1% tris-borate-ethylenediaminetetraacetic acid buffer. The finished gels were photographed, and the densitometric analysis was performed using the Genetools program (Syngene Systems, UK). A semi-quantitative protocol was established, measuring the relative proportion of damaged DNA (relaxed and linearized) in each lane of the gel in terms of a percentage of the total DNA in each lane. Two replicates of each lane were quantified in this way, and the means were plotted against particle concentration. The DNA damage induced by airborne particles could be calculated by subtracting the damage caused by the negative control (water). To compare the damage rates for different samples, the damage percentages were recorded under five scales of dosages for each sample, specifically 200, 400, 600, 800 and 1000 mg ml À1 . Linear regression analysis was used to calculate the percentage of DNA damage at dosage 500 mg ml À1 (D 500 ) of each sample to reflect the oxidative capacity. In this study, the water solution of the whole sample (intact whole particle solution) and the water-soluble fraction of the particles were prepared and the plasmid scission assay was carried on the two kinds of solutions.
Statistical analysis
Statisical treatment of data including univariate, nonparametric test and regression analysis was conducted using the statistical software SPSS 17.0 (SPSS Inc., Chicago, IL).
Results and discussion
Mass concentrations of PM 10 collected from moxibustion clinics
The mass concentration of PM 10 collected in each moxibustion clinic by burning moxa floss was calculated. The PM 10 16 The average PM 10 concentrations obtained in our study by burning the three types of moxa floss were lower than the grade III national ambient air quality standards in China but exceeded the recommended levels of other internationally recognized standards ( Table 1) .
The burning of moxa floss during moxibustion can be considered a type of agricultural biomass combustion. The burning of biomass (wood, charcoal, crop residues and other raw plant materials) for cooking, heating or both remain the most pervasive and important source of exposure to air pollution for much of humanity. 17, 18 A major concern with biomass combustion is the emission of PM, NO x and SO 2 (based on fuel composition) and CO (based on combustion quality) in the atmosphere. 19 A recent publication based on different methods estimates annual deaths due to household air pollution at 4 million 20 and numerous epidemiological studies have studied the association of lung cancer with high indoor PM 10 concentrations from biomass combustion. 21 Biomass users were found to have the highest PM 10 exposure levels, followed by coal users, whereas the lowest levels were estimated for gas which is considered to be clean fuel. In our study, we found that the average PM 10 mass concentration for the three moxa floss samples was 204.8 mg/m 3 , which was considerably lower than the mean PM 10 indoor concentrations of 24.4 mg/m 3 , 22.3 mg/m 3 and 1.8 mg/ m 3 during the burning of other biomass fuels such as smoky coal, wood and anthracite (smokeless) coal, respectively. 23 The value obtained in our study also proved to be lower than that reported for gas users in the living room in winter (451 mg/m 3 ), although it was slightly higher than the PM 10 concentration in bedroom (177 mg/m 3 ). 24 It is interesting that the PM 10 mass concentration of moxibustion environment is within the range reported in the literature of gas users and more importantly, it is far lower than the PM 10 mass concentration of biomass and coal combustion.
Oxidative capacity of PM 10 collected from moxibustion clinics
There are several methods for measuring oxidative capacity, but no consensus has been reached as to which assay is the most appropriate. 25 The plasmid scission assay was chosen in this study as it can characterize PM 10 oxidative potential based on metal-related effects (Fenton-like) reactions. 26 Furthermore, this assay has the ability to elucidate characteristics of a simplified system without interference from external influences, thereby allowing the investigation of complex mechanisms in detail that may not be possible using complex pulmonary models or in vivo investigation. 12 The PM 10 oxidative capacity of moxa smoke was examined with plasmid scission assay using the 15 samples collected. The gel images of PM 10 -induced oxidative DNA damage at five doses (200, 400, 600, 800 and 1000 mg ml À1 ) are shown in Figure 1 . The D 500 oxidative capacity of the PM 10 was calculated based on linear regression analysis and found to be on average 24.25%, 27.83% and 28.07% for samples A, B and C, respectively (Figure 2 ). There was no significant difference in the PM 10 -induced oxidative damage by moxa smoke produced from the three types of moxa floss.
Comparison of oxidative capacity of intact whole samples and soluble fractions in different environments
In this study, the solutions before and after centrifugal separation were simultaneously tested with the plasmid scission assay to investigate the source of bioreactivity of the PM 10 . The D 500 oxidative capacity of the PM 10 samples was on average 23.03%, 26.13%, 25.05% for the soluble fraction of samples A, B and C respectively, and 25.46%, 29.53%, 31.1% for the corresponding whole fraction. Previous studies have shown that the toxicity of atmospheric particles and DNA damage induced by reactive oxygen speciesis closely related to the presence of water-soluble trace elements. 27, 28 The toxicity of atmospheric particles is also widely thought to come from its water soluble fraction. 29, 30 The results of our study showed that the difference between the D 500 values of the intact whole sample and the water-soluble fraction in terms of oxidative damage are mostly insignificant, suggesting that the We compared the D 500 values in this study with the results of PM 10 -induced oxidative damage in other environments obtained from our previous studies. [31] [32] [33] [34] The oxidative damage induced by PM 10 from moxa smoke was lower when compared with the average oxidative damage of the soluble and whole fractions obtained in Taipa island (36.2% and 43.0%), Av. de Horta e Costa (42.3% and 43.7%) and Sun Yat Sen Municipal Park (37.5% and 44.7%) in Macau. 31 The values for soluble and whole fraction in Hutou village (44.2% and 67.5%) and Xize village (30.36% and 36.47%) in Xuanwei, China, which has one of the highest mortality rates for lung cancer in China, also presented higher oxidative damage values. 34 
Conclusion
To the best of the authors' knowledge, this is the first report that systematically studies the PM 10 mass concentration and induced oxidative damage of moxa smoke from different years and ratios of moxa floss. The PM 10 mass concentrations from the three types of moxa floss combustion were higher than the maximum allowable PM 10 level of 150 mg/m 3 in China. It also exceeded the annual mean of 20 mg/m 3 and 24-h mean of 50 mg/m 3 according to WHO air quality guidelines. Despite so, the PM 10 mass concentration of moxa smoke was much lower than biomass and coal combustion and similar to that of gas combustion. More importantly, our results showed that the oxidative DNA damage induced by individual PM 10 in moxibustion environment was lower than that reported in other environments, indicating that moxibustion-derived PM 10 may not be as injurious to human health as generally assumed. Although the oxidative capacity of individual PM 10 in moxa smoke is relatively lower, the PM 10 mass concentration of moxibustion environment is still relatively high. Possible measures such as proper ventilation and routine cleaning of moxibustion clinics should therefore still be adopted to further reduce any possible risks. Figure 2 . Average values of oxidative DNA damage (%) at 500 mg ml À1 (D 500 ) by PM 10 of moxa smoke from burning the three types of moxa floss. A: sample A; B: sample B; C: sample C. W, whole fraction; S, soluble fraction.
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